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Abstract 
The paper describes environmental pollution in railroad right-of-way. The authors set a goal of collecting systematic data about 
concentration of pollutants in soils and surface run-off, which are close to railroad tracks and railway service enterprises. They 
also justified the choice of their research sites and described pollution forms typical for areas, which are close to railroad tracks. 
Petroleum products and iron were considered as main pollutants. The authors carried out a set of field-tested experiments to 
measure the level of railroad right-of-way pollution. The results are summarized in graphs showing how the level of pollutant 
concentration in surface run-off depends on the level of the same pollutant in soil sample. Theoretical and experimental research 
made it possible to calculate surface waste water and soils pollution concentration in railroad track right-of-way. The paper 
considers the Russian Legislation regulatory documents requiring enforcement of environmental protection measures to decrease 
dirty discharge into water bodies. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of ECOSMART 2015. 
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1. Introduction 
Surface run-off has a great influence on organic soils and waterbodies. Traditionally, the main research tasks in 
this field used to be diagnosing environmental pollution by surface run-offs, which are formed on industrial 
enterprises territories and near motorways. The influence of surface run-offs formed in railroad track right-of-way on 
the environment is also crucial. That is why it is extremely important to investigate the problems of surface run-offs 
(those formed on the territories of railway enterprises) collecting, disposing and purifying [1, 2, 3, 4, 5]. 
The authors set a goal of collecting systematic data about concentration of pollutants in soils and surface run-off, 
which are close to railroad tracks and railway service enterprises. They also justified the choice of their research 
sites and described pollution forms typical for areas, which are close to railroad tracks. Petroleum products and iron 
(general) were investigated as main pollutants. 
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Theoretical and experimental research made it possible to calculate surface waste water and soils pollution 
concentration in railroad track right-of-way. As the requirements for environment protection are being toughened it 
is extremely important to reduce contaminants disposal into waterbodies. The main problem concerning railroad 
constructions in the city of Samara is that surface waste water here are never collected, disposed or purified. It 
means that surface waste water formed in railway bed follows surface relief and runs into the nearest water 
reservoirs, rivers, lakes and subsurface water basins. 
Papers [6, 7] describe a related problem and analyze city and country landscape in Romania. Extraction of 
minerals (oil resources mostly) and transport infrastructure development here result in soil and vegetation cover 
exhaustion.  Paper [8] introduces the results of a similar  research and shows the level of land contamination by 
heavy metals which take a heavy toll on organic soils condition. The paper proves that the increase of heavy metals 
concentration in organic soils detrimentally affects soil ferments able to prevent soil degeneration [8]. 
2. The object of the research 
The object of the research is surface waste water running from railroad tracks and soils in railroad track right-of-
way. The researchers investigate a process of surface waste water purification and operation schedules of surface 
waste water collecting, disposal and purification. 
Chemical (petroleum products and metals) and physical (suspended materials) pollution have a great adverse 
effect on nature and artificial waterbodies. These pollutants run into waterbodies through surface run-off coming 
from railroad tracks. Surface run-off coming from railroad tracks contain metals (for example, iron) because railroad 
tracks (also referred to as railings or metals) are made of alligation (the main component here being iron, up to 
97%). Iron (general) enters surface run-off as a result of railings friction and abrasion, and also due to 
electrochemical corrosion. Chemical pollution is known as the most harmful pollution which affects large territories 
and afflicts damage to soil water, surface water and soils themselves. Harmful chemicals are absorbed by soils 
particles, become a part of oxidation-reduction process and later settle down in soils. As a rule, there is no 
contaminated water self-purification. Mechanical pollution involves mechanical admixtures (such as sand, raw 
sludge, dust, etc) which also run into water. They substantially impair water organoleptic parameters [9, 10]. 
3. Materials and method 
3.1 Research 
Railway facilities are usually defined as stationary engineering structures that constantly influence environment. 
The authors analyzed railroad negative influence on the nearby territories and waterbodies while taking transport 
infrastructure as an example [11, 12, 13, 14, 15]. To provide accurate information on the level of pollution they 
chose relevant research sites which were situated in railroad right-of-ways and which were close to motorway 
bridges. These were the sites situated near Samarskiy state owned farm, Volzhskiy district of Samara region. Soils 
point samples were taken on these sites. The research sites were also situated at about 100-metres distance from 
surface waterbodies. Soils samples from these sites were collected by "semi-ellipse method" [16, 17, 18, 19, 20, 21]. 
Soils sampling was done according to regulatory documents. Figure 1 shows that one-kilogram soils samples were 
collected with the help of a special gauge. The researches took 15 soils samples from the both sides of railroad 
tracks. These research sites and railroad tracks location can be seen in Figure 1. 
3.2 Analysis 
The results of quantitative chemical analysis were summarized in the tables below (see Tables 1-6). These results 
were obtained in the certified hydrochemical laboratory of the Water Supply and Sewerage Department, Samara 
State University of Architecture and Civil Engineering. 
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Fig. 1. Research sites and railroad tracks location 
1, 2 … 29, 30 – soils point samples; I, II … V, VI – research sites. 
 
Table 1. Petroleum products concentration in railroad right-of-way soils (research sites I, II, III) 
Sa
m
pl
in
g 
po
in
t, 
№
 
Pe
tr
ol
eu
m
 p
ro
du
ct
s 
co
nc
en
tr
at
io
n,
 m
g/
kg
 
R
es
ea
rc
h 
sit
e 
№
 
Pe
tr
ol
eu
m
 p
ro
du
ct
s 
av
er
ag
e 
co
nc
en
tr
at
io
n 
in
 
a 
re
se
ar
ch
 s
ite
, m
g/
kg
 
Petroleum products concentration in railroad right-of-way, with the course of time, mg/l 
5 min 
A
ve
ra
ge
 
co
nc
en
tr
at
io
n 
in
 a
 
re
se
ar
ch
 s
ite
 a
ft
er
 a
 
5-
m
in
ut
es
 r
ai
n 
10 min 
A
ve
ra
ge
 
co
nc
en
tr
at
io
n 
in
 a
 
re
se
ar
ch
 s
ite
 a
ft
er
 a
 
10
-m
in
ut
es
 r
ai
n 
15 min 
A
ve
ra
ge
 
co
nc
en
tr
at
io
n 
in
 a
 
re
se
ar
ch
 s
ite
 a
ft
er
 a
 
15
-m
in
ut
es
 r
ai
n 
20 min 
A
ve
ra
ge
 
co
nc
en
tr
at
io
n 
in
 a
 
re
se
ar
ch
 s
ite
 a
ft
er
 a
 
20
-m
in
ut
es
 r
ai
n 
1 716.50 
I 728.11 
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46.57 
47.33 
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65.53 
2 687.70 24.07 30.95 44.70 61.89 
3 727.82 25.47 32.75 47.31 65.50 
4 724.99 25.38 32.63 47.12 65.25 
5 783.52 27.42 35.26 50.93 70.52 
6 718.86 
II 712.34 
25.16 
24.93 
32.35 
32.06 
46.73 
46.30 
64.70 
64.11 
7 755.67 26.45 34.01 49.12 68.01 
8 698.56 24.45 31.44 45.41 62.87 
9 859.04 30.07 38.66 55.84 77.31 
10 529.58 18.54 23.83 34.42 47.66 
11 842.99 
III 809.20 
29.51 
28.32 
37.94 
36.41 
54.80 
52.60 
75.87 
72.83 
12 837.33 29.31 37.68 54.43 75.36 
13 792.49 27.74 35.66 51.51 71.32 
14 790.13 27.65 35.56 51.36 71.11 
15 783.05 27.41 35.24 50.90 70.47 
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Fig. 2. Petroleum products average concentration in railroad right-of-way soils depending 
on the distance of sampling points from railroad tracks 
Table 2. Petroleum products concentration in railroad right-of-way soils (research sites IV, V, VII) 
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52.13 
17 672.60 23.54 30.27 43.72 60.53 
18 678.74 23.76 30.54 44.12 61.09 
19 708.47 24.80 31.88 46.05 63.76 
20 137.82 4.82 6.20 8.96 12.40 
21 729.24 
V 723.39 
25.52 
25.32 
32.82 
32.55 
47.40 
47.02 
65.63 
65.11 
22 733.96 25.69 33.03 47.71 66.06 
23 730.18 25.56 32.86 47.46 65.72 
24 697.62 24.42 31.39 45.35 62.79 
25 725.94 25.41 32.67 47.19 65.33 
26 539.97 
VI 618.89 
18.90 
21.66 
24.30 
27.85 
35.10 
40.23 
48.60 
55.70 
27 707.06 24.75 31.82 45.96 63.64 
28 731.13 25.59 32.90 47.52 65.80 
29 410.64 14.37 18.48 26.69 36.96 
30 705.64 24.70 31.75 45.87 63.51 
 
Figure 3 shows petroleum products concentration in surface run-off and its dependence on petroleum products 
concentration in soils samples. As far as the Russian Legislation does not define maximum acceptable petroleum 
products concentration in soils, we used "Recommended classification of bottom deposits pollution with petroleum 
products", published in Samara region Ecology Bulletin (further referred ot as the Ecology Bulletin) by Federal state 
budgetary institution (FSBI) "Privolzhskiy Department of hydrometeorology and environmental monitoring" in 
2015, which defines petroleum products concentration in soils as:"clean" – up to 100 mg/kg; "mildly polluted" – 
from 100 to 200 mg/kg; "moderately polluted" – from 200 to 600 mg/kg;"polluted" – from 600 to 1000 mg/kg; 
"highly polluted" – more than 1000 mg/kg. 
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Fig.3. Petroleum products concentration in surface run-off and its dependence on petroleum products concentration in soils samples 
y – Equation showing approximating (smoothing) curve tracing; R2 – approximation (smoothing) accuracy degree 
 
Real petroleum products concentration in soils of research site area was calculated as 580-800 mg/kg. According 
to the Ecology Bulletin it can be estimated as "polluted". Petroleum products concentration in surface run-off of 
research site area corresponds to approximately 20-72 mg/l. The reasons for high petroleum products concentration 
might be explained by the fact that soils point samples were taken from the area which was close to a motorway 
bridge. Surface run-off here ran down the bridge also polluting the research site. Point-counter analysis results are 
shown in Tables 3 & 4. They present iron (general) concentration average values in research sites (semi-ellipses). 
Table 3. Iron (general) concentration in railroad right-of-way soils (Research sites I, II, III) 
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Table 4. Iron (general) concentration in railroad right-of-way soils (Research sites IV, V, VI) 
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Fig. 4. Iron concentration average (general) in railroad right-of-way soils depending on the distance of sampling points from railroad tracks 
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Figure 5 shows iron (general) concentration in surface run-off and its dependence on iron (general) concentration 
in soils samples. 
Fig. 5. Iron (general) concentration in surface run-off and its dependence on iron (general) concentration in soils samples 
y – Equation showing approximating (smoothing) curve tracing; 
R2 – approximation (smoothing) accuracy degree. 
4. Discussion and results 
Analysing the graphs which show petroleum products concentration in surface run-off and its dependence on 
petroleum products concentration in soils samples (Figure 3) we can conclude that petroleum products concentration 
in both soils samples and in surface waste water samples grows in time because of atmospheric fallout. 
Analysing the graphs which show iron (general) concentration in surface run-off and its dependence on iron 
(general) concentration in soils samples (Figure 5) we can conclude that iron (general) concentration reach the 
maximum level after a five-minutes rain. Later, after a ten-minutes rain its concentration decreases. If the rain goes 
on ( and it is 10-20 minutes long) iron (general) concentration starts to increase again. 
Iron (general) concentration value available from our experiments shows that soils become contaminated with 
iron pollutants because of railroad tracks abrasion and electrochemical corrosion. Iron (general) concentration in 
soils of research site area corresponds to approximately 6000-10000 mg/kg. Iron (general) concentration in surface 
run-off of research site area corresponds to approximately 3.5-8.3 mg/l. 
Point-counter analysis results present petroleum products concentration average values in research sites (semi-
ellipses). Approximate permissible petroleum products concentration in soils of Samara region corresponds to 100 
mg/kg. Petroleum products concentration in soils of research site area corresponds to approximately 580-800 mg/kg. 
Petroleum products concentration in surface run-off of research site area corresponds to approximately 20-72 mg/l. 
5. Conclusion 
The research yielded the following results: railroad track pollutants in the sites situated at about 100-metres 
distance from surface waterbodies will be washed out of soils during rains and snow-melting thus polluting surface 
waterbodies as well. 
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This is a significant problem connected with wastewater (from transportation, communications and utilities lines) 
collection and purification. According to the Russian Legislation, this problem should be resolved and all 
permission documentation executed. To get a license for using a waterbody (for waste water discharge) it is vital to 
work out some regulations for the allowed amount of discharge. For that one must follow Federal Law 416 from 
07.12.2011, "On Water Supply and Discharge", and Ministry of Natural Resources of the Russian Federation Order 
333 from 17.12.2007, which regulates the possible amount of pollutants in waste water. After the regulations for the 
allowed amount of discharge are introduced, one will be able to work out the list of actions aimed at decreasing 
waste water discharge into waterbodies. 
References 
1. Korsya V.B., Teplykh S.Yu., Gorshkalev P.A. Facilities environmental rehabilitation, Tracks and trackside, 2009, № 3, pp. 26. 
2. Strelkov A.K., Teplykh S.Yu., Gorshkalev P.A. Economic activity influenceonsurface run-off quality, Water delivery and sanitary engineering, 
2014, № 8, pp. 21-25. 
3. Strelkov A.K., Shuvalov M.V., Teplykh S.Yu., Gorshkalev P.A., Muradyan Yu.V. On the necessity of water and wastewater treatment 
facilities modernisation (in Samara region) and on getting consent documents for waste water disposal under the existing legislation, Vestnik 
SGASU, Gradostroitelstvo i arhitektura [Vestnik of SSUACE. Town Planning and Architecture],2013, № 4 (13), pp. 89-92. doi: 
10.17673/Vestnik. 2013. S4. 24 
4. Strelkov A.K., Teplykh S.Yu., Gorshkalev P.A., Nosova E.G., Sargsyan A.M. Pecularitiesof drainage limitations into centralised sewerage 
systems, Scientific survey, 2014, № 2, pp. 131-137. 
5. Strelkov A.K., Teplykh S.Yu. Surface wasterwater in railroad right-of-way, Technosphere and environmental safetyin transport, International 
scientific and technical conference proceedings, St Petersburg, 2014, pp. 73-74. 
6. Corpade C., Man T., Petrea D., Corpade A., Moldovan C. Changes in Landscape Structure Induced by Transportation projects in Cluj-Napoca 
Periurban Area using Gis, Carpathian Journal of Earth and Environmental Sciences, November 2014, Vol. 9,  № 4, pp. 177-184. 
7. Gavrilidis A.A., Gradinaru S.R., Ioja I.C., Carstea E.M., Patru-Stupariu I. Land Use and Land Cover Dynamics in the Periurban Area of an 
Industrialized East-European City an Overview of the Last 100 years, Carpathian Journal of Earth and Environmental Sciences, November 
2015, Vol. 10,  № 4, pp. 29-38. 
8. Angelovicova L., Bobulska L., Fazekasova D. Toxicity of Heavy metals to Soil Biological and Chemical Properties in Conditions of 
Environmentally Polluted Area Middle Spis (Slovakia), Carpathian Journal of Earth and Environmental Sciences, February 2015, Vol. 10,  № 
1, pp. 193-201. 
9. Ariffin M, Sulaiman M. Regulating sewage pollution of Malaysian rivers and its challenges, Procedia Environmental Sciences, 2015, № 30, pp. 
168-173/ 
10. Ghervase L., Ioja C., Carstea E., Savastru D. Human Daily Activities Reflected by the Ecological State of Natural Water Resources, 
Environmental Engineering and Management Journal, March 2012, Vol. 11,  № 3, pp. 567-571. 
11. Gorshkalev P.A., Teplykh S.Yu. Surface run-off from railway tracks: complex system of calculating qualitative and quantitative 
characteristics, LAP LAMBERT Academic Publishing. Saarbrucken, 2011. 
12. Kichigin V.I., Palagin E.D. Estimating natural waters quality, Water delivery and sanitary engineering, 2005, № 7, pp. 11-16. 
13. Strelkov A.K., Teplykh S.Yu., Gorshkalev P.A., Korenkova S.F., Sargsyan A.M. Calculation pollution concentration in surface run-off from 
railway tracks by obloque methods, Water delivery and sanitary engineering, 2013, № 8, pp. 67-70. 
14. Teplykh S.Yu., Bukhman N.S., Sargsyan A.M. Estimating the amount of pollutants in railroad right-of-way, Scientific survey, 2014, № 9, pp. 
802-808. 
15. Teplykh S.Yu., Gorshkalev P.A. Physicochemical methods of railroad storm sewage purification, Architecture and civil engineering: actual 
problems, education, science, practice, 65th Russia-wide scientific and technical conference proceedings, Samara, SGASU,2008, pp. 393-394. 
16. Kichigin V.I., Palagin E.D. Using pollution integrated index for stream flow analisys, Water delivery and sanitary engineering, 2005, № 7,pp. 
25-29. 
17. Strelkov A.K., Teplykh S.Yu., Gorshkalev P.A., Sargsyan A.M. A new method of polluted railway trach sampling, Invention patent, RUS 
2534807, МПК G01N 1/00, G01N 33/42, 19.06.2013, 22 p. 
18. Strelkov A.K., Shuvalov M.V., Teplykh S.Yu. Oily and fat-containing wastewater purifying method, Invention patent, RUS 2228301, Samara 
State University of Architecture and Civil Engineering copyright, 09.01.2001. 
19. Strelkov A.K., Teplykh S.Yu., Gorshkalev P.A. Methods of railway pollution calculation, Architecture and civil engineering: actual problems, 
education, science, practice, 66th Russia-wide scientific and technical conference proceedings, Samara, SGASU,2008, pp. 109-111. 
20. Strelkov A.K., Teplykh S.Yu., Gorshkalev P.A., Sargsyan A.M. Estimation ecologaical condition of technological acre, Tracks and trackside, 
2014, № 3, pp. 31-34. 
21. Teplykh S.Yu., Sargsyan A.M. Surface run-off from railway tracks influence on water facilities, Tracks and trackside, 2012, № 5, pp. 27-29. 
 
